We produce and analyse u-band (λ ≈ 355 nm) luminosity functions for the red and blue populations of galaxies using data from the Sloan Digital Sky Survey (SDSS) u-band Galaxy Survey (uGS) and Deep Evolutionary Exploratory Probe 2 (DEEP2) survey. From a spectroscopic sample of 41 575 SDSS uGS galaxies and 24 561 DEEP2 galaxies, we produce colour magnitude diagrams and make use of the colour bimodality of galaxies to separate red and blue populations. Luminosity functions for eight redshift slices in the range 0.01 < z < 1.2 are determined using the 1/V max method and fitted with Schechter functions showing that there is significant evolution in M * , with a brightening of 1.4 mags for the combined population. The integration of the Schechter functions yields the evolution in the u-band luminosity density out to z ∼ 1. By parametrizing the evolution as ρ ∝ (1+z) β , we find that β = 1.36±0.2 for the combined populations and β = 2.09 ± 0.2 for the blue population. By removing the contribution of the old stellar population to the u-band luminosity density and correcting for dust attenuation, we estimate the evolution in the star formation rate of the Universe to be β SF R = 2.5 ± 0.3. Discrepancies between our result and higher evolution rates measured using the infrared and far-UV can be reconciled by considering possibilities such as an underestimated dust correction at high redshifts or evolution in the stellar initial mass function.
INTRODUCTION
The evolution in the star formation rate (SFR) of the Universe over the course of cosmic history is a measure of great importance that has many applications in various fields of astrophysics. In addition to the obvious applications to the build-up of stellar mass in galaxies, other examples include constraining the stellar initial mass function (IMF) (Baldry & Glazebrook 2003; Wilkins et al. 2008) , testing models of chemical evolution in the Universe (Calura & Matteucci 2004) , constraints on the nature of both type Ia supernovae (Strolger et al. 2004 ) and gammaray bursts (Daigne et al. 2006; Li 2008) and comparisons with global AGN activity and the growth of black holes (Franceschini et al. 1999; Somerville et al. 2008) .
SFRs of galaxies have been measured by a variety of methods, at different wavelengths. These include: SFRs determined from the far-and mid-infrared produced by the re-emission of ultraviolet (UV) photons by dust grains, revealing hidden star formation (Le Floc'h et al.
⋆ E-mail: mxp@astro.livjm.ac.uk 2005; Pérez-González et al. 2005) ; SFRs measured from radio emission produced by relativistic electrons in supernova remnants (Condon 1992; Seymour et al. 2008) ; Nebular emission lines such as Hα, H β and [OII] , produced by the recombination of ionized gas surrounding hot young OB stars (Kennicutt & Kent 1983; Moustakas et al. 2006; Cooper et al. 2008; James et al. 2008a) ; and X-ray emission produced by X-ray binary systems in late-type galaxies (Norman et al. 2004; Lehmer et al. 2008 ).
More directly, SFRs have been measured from the UV luminosities of galaxies produced from short lived OB stars (lifetimes ∼ 10 7 yr). Early studies such as Lilly et al. (1996) and Madau et al. (1996) used this to establish that the volume-averaged SFR of the Universe has been in decline since z ∼ 1 to the present day. Although later studies (Madau et al. 1998; Steidel et al. 1999; Wilson et al. 2002) measured the decline with improved precision, it is still poorly constrained and its cause is still a major problem in the field of observational cosmology.
As an alternative to the far UV luminosity, the u-band (λ ≈ 355 nm) luminosity of a galaxy, predominantly emitted by young stars of ages < 1 Gyr, has been shown to be a reasonable tracer of star formation (Hopkins et al. 2003) . Using u-band has two main advantages over the far UV, because i) more data are available to improve the statistics and ii) it is less affected by extinction. Driver et al. (2008) find that at z = 0, the fraction of photons to escape through the dust from the local galaxy population is ∼ 45 per cent in the u-band as opposed to ∼ 25 per cent at 200-nm. One disadvantage of the u-band as a tracer of star formation is the contribution from old stellar populations, which is dominant in early-type galaxies and small in star forming galaxies. This has to be accounted for.
So far u-band field luminosity functions (LFs) have been produced by Blanton et al. (2003b) for Data Release 2 (DR2) of the Sloan Digital Sky Survey (SDSS) main sample, by Baldry et al. (2005) for the SDSS u-band Galaxy Survey (uGS) and more recently by Montero-Dorta & Prada (2008) using DR6, probing volumes out to z ∼ 0.2. In this paper we extend the analysis to higher redshift, by combining samples of galaxies taken from the SDSS uGS and the Deep Evolutionary Exploratory Probe 2 (DEEP2) survey, to produce LFs in the range 0.01 < z < 1.2, which represents ∼ 8 Gyr of cosmic history from when the Universe was ∼ 5 Gyr old. Selected by R-band, the DEEP2 survey is ideally suited for comparison to the SDSS uGS as R-band magnitudes at z ∼ 1 correspond to rest u-band magnitudes. We go on to produce colour magnitude diagrams (CMDs) from the data and make use of the observed colour bimodality (Strateva et al. 2001; Baldry et al. 2004) to separate the narrow band of red, passive galaxies and blue star forming populations of galaxies. Integration of the LFs produced from these separate populations allows the luminosity density, or total output of u-band light in a given volume to be determined.
The structure of this paper is as follows: Section 2 describes the DEEP2 Survey and SDSS uGS, and the data reduction employed to obtain our final galaxy samples. In section 3 the methods required to calculate the luminosity functions including completeness corrections and K corrections are described, and we present rest-frame CMDs displaying how the red and blue populations are separated. In section 4 we present the luminosity functions, fitted Schechter parameters and luminosity densities. Our results are then compared with the observations at different wavelengths and we discuss our estimate of the evolution of SFR of the Universe in section 5. Section 6 contains a summary of our conclusions. Throughout this paper we adopt a cosmology with parameters (Ωm, ΩΛ)0 = (0.3, 0.7) and H0 = 70 km s
Mpc −1 . Magnitudes are corrected for Galactic extinction using dust maps of Schlegel et al. (1998) .
DATA

DEEP2
The Deep Evolutionary Exploratory Probe 2 (DEEP2) survey (Davis et al. 2003 ) is a redshift survey primarily designed to probe the properties of galaxies at redshift z ∼ 1. When fully complete the spectra of around 50 000 galaxies with redshifts z < 1.4 will have been measured over an area of sky totalling 3.5 deg 2 . In this paper we use data from the third data release, DR3, which comprises two catalogues: photometric and spectroscopic. The photometric catalogue contains the B, R and I magnitudes of 716 465 objects (including stars and duplicate objects) obtained with the 12k × 8k mosaic camera (Cuillandre et al. 2001) on the 3.6 m CanadaFrance-Hawaii-Telescope. The spectroscopic catalogue contains redshifts and spectra of 46 337 objects measured by the DEIMOS spectrograph (Faber et al. 2003 ) with wavelength range 600 − 920 nm and resolution λ/∆λ ∼ 5000 on the 10m Keck 2 telescope. Galaxies selected for redshift measurements are limited to apparent AB magnitudes in the range 18.5 < R < 24.1.
The survey area is separated into 4 regions of the sky and is made up of a 0.5 sq. deg. field known as the Extended Groth Strip (EGS) and three 1.0 sq. deg. fields designated fields 2, 3 and 4. Galaxies in fields 2, 3 and 4 are preselected by their B, R and I magnitudes using colour cuts, to have estimated redshifts z > 0.7. No such preselection was carried out for the EGS which means that there is an approximately equal number of galaxies below and above z = 0.7 in this region.
DEEP2 sample reduction
Before determining the luminosity functions, stars and duplicate objects had to be removed from the DEEP2 catalogues and it was also useful to cut the area of the photometric catalogue, due to the spectroscopic catalogue not yet covering the same area as the photometric catalogue. The methods used to reduce the catalogues to obtain a final sample of galaxies used in this paper are described in this section.
The first reduction of the photometric catalogue was to cut down the areas of the photometric survey in each field, so that the areas of the photometric and incomplete spectroscopic catalogues are the same. 177 680 objects in the photometric catalogue were cut, reducing it to 538 785.
The second procedure was to discard galaxies with magnitudes outside the range 18.5 < R < 24.1, to give the spectroscopic and photometric catalogues equal magnitude limits. This removed 313 362 objects from the photometric catalogue and 58 objects from the spectroscopic catalogue. After matching up the spectroscopic object numbers with those in the photometric catalogue, 6 objects were found to have no corresponding object number in the photometric catalogue. These 6 objects were removed from the spectroscopic catalogue. After this reduction the photometric and spectroscopic catalogues contained 225 423 and 46 279 objects respectively.
The third reduction was to remove stars from the catalogue. Objects in the photometric catalogue are designated a quantity, PGAL (Coil et al. 2004) , that gives the probability of an observed object being a galaxy or not. This probability is determined from star-galaxy separations calculated from the magnitudes, sizes and colours of the objects. Resolved sources i.e. those which are definitely galaxies are given a PGAL value of 3 whereas unresolved sources are given a probability of being a galaxy between 0 and 1. In this investigation it was decided to use objects with PGAL > 0.2 as in Willmer et al. (2006) .
The final reduction was to remove galaxies in the catalogues that had been observed multiple times and designated different object numbers. These duplicated observa- tions for objects were identified by running a procedure to find and match objects within 0.5 arc-seconds of each other. The matched objects with the best redshift quality and smallest error in R mag, were used to produce the luminosity functions. The duplicate objects with poorer data were then removed from the photometric and spectroscopic catalogues. These two further processes reduced the photometric catalogue by 58 824 to 166 599 galaxies. 629 objects in the spectroscopic catalogue which had object numbers corresponding to galaxies removed from the photometric catalogue, were also removed, leaving 45 650 objects in the spectroscopic catalogue. The properties of the reduced fields can be seen in Table  1 . N P and N z are the numbers of galaxies with photometry and spectroscopy. Our primary sample consists of 24 561 galaxies with redshifts in the range 0.4 < z < 1.2.
The SDSS u-band Galaxy Survey
The Sloan Digital Sky Survey is only briefly described here, for greater detail the reader is referred to York et al. (2000) and subsequent data release papers such as the EDR paper (Stoughton et al. 2002) . The SDSS is both a photometric and spectroscopic survey which makes use of a dedicated 2.5-m telescope situated on Apache Point, New Mexico. Photometry in 5 broadband filters, ugriz, is conducted using a mosaic CCD camera (Gunn et al. 1998 ) and calibrated with a 0.5-m telescope (Hogg et al. 2001) . Spectra of selected objects are measured using a 640-fibre fed spectrograph with wavelength range 380-920 nm and resolution λ/∆λ ∼ 1800.
The sample of galaxies used in this paper is taken from 'Stripe 82' of the SDSS 'Southern Survey' (Adelman-McCarthy et al. 2006) . This consists of a 2.52
• wide strip across the Southern Galactic Pole (SGP) centred along the celestial equator from RA −50.8
• to 58.6
• . Multiple imaging passes of the stripe allow co-added u-band Petrosian fluxes to be determined. This gives an increase in the S/N ratio by a factor of about 3 over single epoch observations. Extra spectroscopic observations of galaxies (fully described in Baldry et al. 2005 ) include a low-z rpetro < 19.5 sample and a u select < 20 sample.
1 The multiple scans, and extra spectra, allow a catalogue of objects to be produced with upetro < 20.5 based on the co-added data. The result is a photometric catalogue of 75 087 objects, with magnitudes in the range 14.5 < u < 20.5 and spectroscopy for 48 640 objects in an area of 275 deg 2 . Our primary sample consists of 41 615 galaxies with redshifts in the range 0.01 < z < 0.2.
METHODS
Completeness corrections
Completeness corrections are required to correct the luminosity functions for the number of galaxies that are not targeted for spectroscopic observations. For both surveys, empirical completeness values were determined by binning in observed quantities. For the SDSS uGS sample of galaxies it is assumed that all the redshifts are correct but for the DEEP2 data we additionally take into account the redshift success rate, which is explained below.
DEEP2 completeness
Redshifts in the DEEP2 survey were first determined by an automated pipeline (Cooper et al. 2009, in preparation) which does all the image reduction and extraction of spectra which are then validated by eye. In this process the redshifts were given a quality assessment value (Q) from 1 to 4. Q=1 indicates the redshift determined to be poor due to a lack of features in the spectra, whereas Q=4 means the redshift has two or more identified features (the [OII] λ = 372.7 nm doublet is considered to be two features) and the determined redshift is rock solid.
In this paper we only use galaxies with Q 3. To calculate the redshift success, galaxies are divided into bins of R band apparent magnitude from 18.5 < R < 24.1. Brighter galaxies with 18.5 < R < 20.0 are divided into 0.5 mag bins whereas galaxies with 20.0 < R < 24.1 are divided into 0.2 mag bins. The redshift success is then simply the number of galaxies with Q 3 divided by the total number of galaxies per magnitude bin. The redshift success as a function of R band apparent magnitude is shown in Fig. 1 .
On inspection of Fig. 1 it is clear that the redshift success drops unexpectedly for the brightest galaxies. After correspondence with Mike Cooper of the DEEP2 collaboration, we have found this is mainly due to some low redshift galaxies that have been incorrectly designated as having too poor quality spectra (to measure a redshift). The DEEP2 team acknowledge this is something that will be corrected for the next data release (DR4). Our completeness corrections assume that the missed redshifts, both bright and faint, have a similar redshift distribution as the obtained redshifts. The overall conclusions of this paper are unlikely to be significantly affected by the validity of this assumption because the completeness is > 0.7 up to R ≃ 23.
A targeting completeness correction accounts for the galaxies that are not targeted for spectroscopy. This is calculated by dividing galaxies in both photometric and spectroscopic catalogues into colour-colour bins. Firstly the galaxies are divided into 39 R − I colour bins between −3.0 < R − I < 4.0. Galaxies are divided in the following bins [< −0.03, −0.03 → 1.01 (binsize 0.04), 1.01 → 1.56 (0.05), > 1.56]. Then the galaxies are subdivided into 61 B − R colour bins. All galaxies lie within the range −1.6 < B − R < 7.0 and are divided into bins [< −1.0, −1.0 → 4.9 Figure 1 . Redshift success fraction as a function of apparent Rband magnitude for DEEP2 DR3. The redshift success fraction is simply the number of galaxies with redshift quality Q 3 divided by the total number of galaxies, within an apparent Rband magnitude bin. Error bars indicate Poisson errors.
(binsize 0.1), > 4.9]. This is done with the intention of obtaining a few tens of galaxies in each colour-colour bin.
Targeting completeness is simply the number of galaxies from the spectroscopic catalogue divided by the number of galaxies in the photometric catalogue in each colour-colour bin. Fig. 2 shows the distribution of colours for all 166 599 DEEP2 galaxies in the photometric catalogue represented as contours along with the targeting completeness as a function of R − I and B − R. From this plot the colour preselection used to obtain galaxies at z > 0.7 can be clearly seen as the region of moderate completeness (green). In this paper we choose not to treat galaxies within the Extended Groth Strip (EGS) separately from the other DEEP2 fields and an effect of this is the region of galaxies with low completeness (red) also seen in the figure.
The overall completeness for a single galaxy is simply the product of the redshift success rate and targeting completeness.
SDSS uGS completeness
Completeness corrections for the SDSS uGS sample are fully described in Baldry et al. (2005) . These are determined by dividing the sample into bins using the star-galaxy separation, ∆sg (= rP SF − r model , the difference between r-band point spread function and 'model' magnitudes), along with u, u−g and g −r as variables. Firstly the objects are divided into weakly and strongly resolved sources at the dividing line of ∆sg = 0.3. For u > 19.7 strongly resolved sources are divided into 0.1 mag bins and weakly resolved sources are divided into 0.2 mag bins. These magnitude bins are then further divided on the basis of u − g and g − r colour bins so that there are around 50 galaxies in each bin. The completeness is simply the fraction of photometric objects that have spectroscopy. The completeness as a function of g − r and u − g colours for galaxies with 19.7 < u < 20.0 is presented in Fig. 3 . For a more detailed figure showing the completeness as a function of ∆sg, u, u − g and g − r see Fig. 6 of Baldry et al. (2005) . Although the completeness Figure 2 . Targeting completeness of DEEP2 galaxies as a function of R − I and B − R colours. The targeting completeness corrects the LFs for galaxies not selected for spectroscopic observations. It is the number of galaxies in the spectroscopic catalogue divided by the number of galaxies in the photometric catalogue, within a colour-colour bin. All four DEEP2 fields are treated the same way regarding targeting completeness. A consequence of this is two distinct regions; a region of moderate completeness consisting of galaxies from fields 2, 3 and 4, having preselected colours to have redshifts greater than 0.7 and a region of low completeness made up of galaxies from the Extended Groth Strip. The distribution of colours for 166 599 DEEP2 galaxies from the photometric catalogue are represented by logarithmically-spaced contours. can be low (∼ 0.1-0.2) for the faintest blue galaxies with 20.3 < u < 20.5, all parts of galaxy colour-colour space over the full magnitude range are sampled.
K corrections and colour magnitude diagrams
To convert the observed apparent magnitudes of the galaxies to absolute rest-frame magnitudes we make use of the K correction program Kcorrect (version 4.1.4) of Blanton et al. (2003a) . For the DEEP2 sample, B, R and I magnitudes (effective wavelengths ≈ 439, 660, 813.5 nm) are transformed . Colour magnitude diagrams for the four SDSS redshift slices, in the range 0.01 < z < 0.2. The number densities are weighted by 1/(VmaxC i ) and are represented by logarithmic contours. Little evolution is seen in the colour corresponding to the region between red and blue galaxies for all redshift slices. The solid line represents the straight line given by eq.1, that is used to divide the red and blue galaxy populations. The dashed lines represent the magnitude limit of the redshift slice. Figure 5 . CMD contour plots for four DEEP2 redshift slices in the range 0.4 < z < 1.2. Number densities are represented as logarithmic contours. The solid line represents the straight line given by eq.1 that is used to divide the red and blue galaxy populations. The dashed lines represent the magnitude limit of the redshift slice. Figure 6 . Evolution of the u-band luminosity function for the combined red and blue populations of galaxies. LFs are produced for four redshift slices between 0.01 < z < 0.2 for the SDSS uGS data and four redshift slices between 0.4 < z < 1.2 for DEEP2, using the non-parametric 1/Vmax method. Galaxies are binned in 0.2 mag bins.
into rest frame SDSS u and g magnitudes (effective wavelengths 355 and 467 nm).
For the SDSS uGS sample, the observed u and g magnitudes are converted into the rest frame. This process enabled the production of rest frame u-g colour magnitude diagrams (CMDs) for the galaxies in 8 different redshift slices. Fig. 4 shows CMDs produced from SDSS data and Fig. 5 shows CMDs from DEEP2. These are represented as contour plots which are weighted by 1/(VmaxCi). Here Vmax is the maximum comoving volume, within which a galaxy could lie within a redshift slice and within the magnitude limits of the survey (Schmidt 1968) and Ci is the completeness. These plots show the build up in red galaxies over time and that the colour bimodality of galaxies extends out to z ∼ 1, as found by Bell et al. (2004) , Willmer et al. (2006) , Cirasuolo et al. (2007) , Franzetti et al. (2007) and Cowie & Barger (2008) .
On inspection of the DEEP2 and SDSS uGS contour plots, we find although both blue and red populations are brightening in u-band magnitude as redshift increases, there is no obvious evolution in u − g colours for the natural dividing line. This lack of evolution has also been observed by Cowie & Barger (2008) in AB3400-AB4500 colours out to z = 1.5 and Willmer et al. (2006) in U − B colours. Given this lack of change, red and blue galaxies at all redshifts can be separated by a straight line with the equation:
Changing this dividing line will have little effect on the overall results, as long as it remains in the gap between blue and red populations.
RESULTS
Luminosity functions
The luminosity function (LF) is defined as the number of galaxies per unit volume per unit luminosity interval dl, or alternatively magnitude interval, dM . In this paper we cal- Figure 7 . Evolution of the u-band luminosity function for the red population of galaxies. 0.2 mag bins are used to produce all the LFs apart from the 0.4 < z < 0.6 and 0.6 < z < 0.8 DEEP2 redshift slices where 0.4 mag binning is used. Figure 8 . Evolution of the u-band luminosity function for the blue population of galaxies. 0.2 mag binning is used throughout.
culate LFs by the 1/Vmax method, where Vmax is defined above. This method is non-parametric and does not require any assumptions on the shape of the LF. It can be biased however if there are strong density inhomogeneities in the field. The luminosity function is estimated as follows with the number of galaxies per Mpc 3 per absolute magnitude bin given by:
where Ci is the completeness for each galaxy described in the previous section. LFs were produced for the red, blue and combined populations of galaxies, for the same 8 redshift slices as the CMDs above. For the SDSS uGS data we produced LFs for 4 redshift slices over the range 0.01 < z < 0.2. For the DEEP2 data we produced LFs for 4 redshift slices between 0.4 < z < 1.2. The data were binned in u-band mag bins of width 0.2 mags, apart from the DEEP2 red population, 0.4 < z < 0.6 and 0.6 < z < 0.8 slices, where 0.4 mag binning was used. The properties of the redshift slices including the numbers of galaxies in the different populations and volumes can be seen in Table 2 . Figs. 6, 7 and 8 show the binned LFs for the 8 redshift slices plotted together for the combined, red and blue populations of galaxies. The LFs of all the different populations show a shift to higher luminosities at greater redshift.
By binning the galaxies into 8 redshift slices it ensures that there is reasonable resolution of the evolution (∼ 10 per cent in luminosity per SDSS slice and ∼ 20 per cent in the DEEP2 slices). It also ensures there are sufficient galaxies to produce LFs with good signal to noise after dividing into the red and blue populations. This is something particularly important for the 0.4-0.6 DEEP2 slice which has fewer galaxies.
For an analysis of the evolution of the LFs, Schechter functions (Schechter 1976) were fitted to the binned data. The Schechter function is parametrized as:
where: L * (M * ) is the characteristic luminosity (magnitude) of a galaxy at the 'knee' of the function; φ * is the number density of galaxies around L * and α is the faint-end slope of the function.
Schechter functions are fitted to the LFs using a leastsquares fitting method to find the parameters φ, M * and α. In order to quantify the evolution we choose to fix the faint-end slope of the LFs for the different populations on the assumption that it remains constant with redshift. This is due to the faint-end slope being poorly sampled in higher redshift slices. The value we take as the faint-end slope is the one that minimises the total χ 2 over all redshift slices. After doing this we find best fitting faint-end slopes of α = −1.3 for the blue population, α = −0.35 for the red population and α = −1.0 for the combined LFs.
Using a slope of α = −1.0 for the combined population LFs is consistent with the results of Blanton et al. (2003b) who used a sample of 22 020 galaxies with u < 18.4 and in the redshift range 0.02 < z < 0.14 from SDSS DR2, to obtain a slope of α = −0.92 ± 0.07. Baldry et al. (2005) determined α = −1.05 ± 0.08 for z < 0.06 and more recently Montero-Dorta & Prada (2008) used a much larger sample of 192 068 galaxies from SDSS DR6, with 16.45 < u < 19.0 and a redshift range 0.02 < z < 0.19, to obtain a slope of α = −1.01 ± 0.03.
Using photometric redshifts from the COMBO-17 Survey Wolf et al. (2003) , produce near-UV (280-nm) LFs for 25 000 galaxies in the range 0.2 < z < 1.2, as a function of SED type. This study finds no evolution in the faint-end slope for 4 different SED types. For reddest SED type 1 galaxies, the faint-end slope is found to be α = −0.5 ± 0.2 and for the the bluest, SED type 4 galaxies a slope of α = −1.5 ± 0.06 is found. Ilbert et al. (2005) using first epoch data from the VIMOS-VLT Deep Survey (VVDS) (Le Fèvre et al. 2004) , measure an evolution in the faint end-slope of the U-band LF and find that it steepens from α = −1.05 ± 0.05 in the range 0.05 < z < 0.2 to α = −1.44±0.2 in the range 0.8 < z < 1.0. In our study we do not observe this steepening, but in fact the opposite, with z = 0.4-0.8 DEEP2 redshift slices having shallower slopes than the SDSS slices (if fitted separately).
While allowing α to vary provides a better fit to the data, it should be noted that the galaxies with the faintest magnitudes within each slice have the largest volume and completeness corrections. In particular, the faint DEEP2 data have a low redshift success rate and the assumption that the missed redshifts have the same distribution is a significant source of uncertainty (cf. the 'average' model of Faber et al. 2007 ). The focus of this paper is on extracting reliable luminosity densities, and evolution in M * is more robustly determined using fixed α given the well-known degeneracy in the M * -α plane. The Schechter function fits for the red, blue and combined populations can be seen in Figs. 9 and 10 . Errors on the number density used in the fitting process and shown in the figures are Poisson errors added with an error of 5 per cent of the number density, in quadrature, to take into account systematic uncertainties in the binning process. Dotted lines in the figures represent the regions outside the magnitude ranges used to fit the Schechter function. It is notable that while a constant value of α is suitable to describe the evolution of the blue and combined population LFs, there is a deficit of faint red galaxies below the Schechter fit in the higher-redshift DEEP2 data (cf. evolution of the field dwarfto-giant ratio, Gilbank & Balogh 2008) . The main focus of this paper, however, is on the blue sequence and its relationship to cosmic SFR evolution. Tables 3, 4 and 5 display how the fitted Schechter parameters evolve along with the luminosity density (described in the next subsection) from an integration of the LF (ρF IT ) and from a summation of the luminosities of all the galaxies (ρSUM ).
Luminosity density
After fitting Schechter functions to the binned LFs, these can be used to estimate the total comoving luminosity density (LD), with no extinction correction, in each of the redshift slices for the red and blue populations. We assume that the fitted Schechter function is valid outside the fitted magnitude range. The LD is then given in magnitudes per Mpc
where Γ f is the gamma function, and in linear units by
Here j is in AB mag Mpc −3 . Fig. 11 shows the evolution in the integrated Schechter fit LD for the different populations. For the the blue and combined populations, the luminosity density has decreased steadily from redshift 1.2 to the present day. The red population luminosity density appears to be almost constant, a result also found by Bell et al. (2004) and Faber et al. (2007) who conclude this can be explained by passive fading being compensated by a build up in the stellar mass density. Note also that the fit to the evolution for the blue population LD has a lower χ 2 than the fit for the red population. This is not surprising because the cosmic variance is larger for the more clustered red population (Somerville et al. 2004) . In fact if the larger error bars from ρSUM (Table 4) are used when fitting, the best fit shows a marginally rising LD with z rather than declining as in the figure. a This volume applies to all 4 DEEP2 fields, although most galaxies in this redshift slice are contained within the EGS. Figure 9 . Luminosity functions of the four SDSS uGS redshift slices, for the red, blue and combined populations of galaxies, produced using the 1/Vmax method. The dotted lines show an extrapolation of the Schechter function beyond the fitted magnitude range. The LFs for the red and blue populations are scaled down by a factor of 10. Errors on the data points are Poisson errors added in quadrature to an error of 5 per cent of the number density, to take into account systematic uncertainties in the binning process. α is fixed at −0.35, −1.3 and −1.0 for the red, blue and combined populations respectively.
As well as calculating the LD from integration of the Schechter fit we also estimate the LD from the summation of the galaxies' u-band luminosity divided by 1/(VmaxCi), in the different redshift slices.
The values of this summation for the combined, blue and red populations can be found in Tables 3, 4 and 5. Figure 10 . Luminosity functions for the four DEEP2 redshift slices, for the red, blue and combined populations of galaxies. For details see Fig. 9 . Note the deficit of faint red galaxies below the fit for three redshift slices because α is constrained by the lowest two SDSS slices. Table 3 . Schechter function parameters for all galaxies with an assumed α = −1.0. Errors on ρF IT given in the tables are standard errors from the fitting procedure, while errors on ρSUM were calculated by dividing the survey areas into sections and finding the standard deviation of ρSUM between the sections. For the DEEP2 galaxies, we calculated ρSUM in each of the 4 fields, whereas for the SDSS uGS galaxies we divided the area of the survey into 6 equal areas. The range in magnitudes ρSUM applies to depends on the magnitude limits of the survey and is always less than the fitted magnitude range of ρF IT . As a consequence the fraction ρSUM /ρF IT ranges from 1.05 to 0.53 for the combined sample of galaxies, 1.05 to 0.63 for the red population, and 1.0 to 0.52 for the blue population. This indicates that ρF IT is never more than a factor of 2 extrapolation from ρSUM . By binning the summed LD in 0.2 mag bins and redshift slices, the contribution of galaxies to the LD, and its evolution as a function Figure 11 . Evolution of the u-band luminosity density for the different galaxy populations. The LD for the combined population is less than the LD for the blue population in the two highest redshift slices. This is due to our fixing the slope of the LF for the different populations. Black diamonds represent the LD obtained from the addition of red and blue LD. Vertical bars indicate 1σ Poisson errors on the LD. Horizontal bars represent the redshift range. The dashed lines represent fits (eq. 7) to the data. Blue crosses indicate the effects of assuming α = −1.0 for the blue DEEP2 population.
of absolute magnitude can be evaluated. Figs. 12, 13 and 14 show this evolution for all, blue and red populations. These plots show peaks that indicate we are sampling galaxies that contribute the most to the luminosity density. Figure 12 . The contribution to the luminosity density for the combined population of galaxies for the 8 redshift slices. The LD is given in units of 10 18 W Hz −1 Mpc −3 mag −1 . 0.2 mag binning is used.
The plots for the combined and blue populations clearly show that as well as the total LD increasing with redshift, the galaxies that contribute most to the LD increase in brightness with redshift. This illustrates 'downsizing', first observed by Cowie et al. (1996) and also found in more recent studies (Treu et al. 2005; Bundy et al. 2006) , where the brighter, more massive galaxies form their stars at higher redshift than the lower luminosity galaxies. The LD for the red population remains more or less constant over all redshift slices and again the galaxies that contribute most to the LD get brighter with increasing redshift. For the combined and blue populations we parametrize the evolution in the integrated LD as in Lilly et al. (1996) by
For the combined population we obtain β = 1.36 ± 0.04 and for the blue population we obtain β = 2.09 ± 0.05 (assuming a constant faint-end slope α). Note if we apply the ρSUM errors before fitting, we obtain shallower slopes β = 1.18 and 1.95, respectively, and if we apply α = −1.0 to the DEEP2 blue population (Fig. 11) , the evolution is apparently lower still. Thus, we estimate there is a 0.2 systematic uncertainty in the values of β for the combined and blue populations (larger for the red population). In the next section we compare these values of β with the results from other surveys at different wavelengths.
DISCUSSION
Comparison between wavelengths
First we compare our results with those from the I-band selected VIMOS-VLT Deep Survey (VVDS) (Le Fèvre et al. 2004 ). Using a sample of 11 034 galaxies from the first data release of the VVDS, Ilbert et al. (2005) find that M * for rest-frame U-band (360-nm) luminosity function brightens by ∼ 1.8 mag in the redshift range 0.05 < z < 1. This brightening is greater than found in our analysis, which shows that M * for the combined red and blue populations brightens by ∼ 1.4 mag. Tresse et al. (2007) , again using VVDS data, find that the evolution in the U-band luminosity density is fitted by β ≈ 1.9. By combining the LD measurements of Ilbert et al. (2005) with u-band SDSS main sample data from Blanton et al. (2003b) , we find that β = 1.6±0.4, which is greater than but consistent with our value of β = 1.36±0.2 for the combined galaxy sample.
In the 150-nm far-ultraviolet (FUV) luminosity functions produced by Arnouts et al. (2005) using Galaxy Evolution Explorer (GALEX) satellite data combined with VVDS, M * was determined to brighten by 2 mag, using a sample of 1 039 galaxies. Schiminovich et al. (2005) , using the same data set, find the non-dust corrected luminosity density to evolve with β = 2.5 ± 0.7 out to z ∼ 1. Wilson et al. (2002) found that the 250-nm, UV LD evolves as β = 1.7 ± 1.0 out to z ∼ 1.5, using U ′ ,B,V observations taken as part of a multi-passband survey of the Hubble Deep Field and 4 other fields. Our result along with the other more recent UV measurements rule out the early estimation of the NUV LD evolution by Lilly et al. (1996) , who found a steep evolution of β ∼ 4 using the Canada-France-Redshift-Survey (CFRS).
By going to longer wavelengths through optical to the NIR, the light sampled in galaxies is emitted by stars of increasing lifetimes. For the B-band (440-nm), we determined β using LD data published in Willmer et al. (2006) . This paper made use of an earlier DEEP2 sample of ∼ 11,000 galaxies. By fitting to the data we find the LD evolves as β = 0.83 ± 0.46. This is consistent with the combined Blanton et al. (2003b) and Ilbert et al. (2005) measurements, which we find gives an evolution in the B-band of β = 1.22 ± 0.28. These combined results also allow β to be estimated for the V, R and I-bands, obtaining β values of 1.00 ± 0.32, 0.82 ± 0.34 and 0.59 ± 0.34 respectively.
At near-infrared (NIR) wavelengths, Pozzetti et al. (2003) found from a sample of 489 galaxies in the range 0.2 < z < 1.3, that β ≈ 0.7 in the J-band (1.25µm) and β ≈ 0.37 in the Ks-band (2.17µm). This Ks-band measurement is also consistent with more recent data from the UKIDSS Ultra Deep Survey Early Data Release (Cirasuolo et al. 2007) . In this paper LFs are produced for 6 redshift slices in the range 0.25 < z < 2.25 using a sample of ∼22 000 galaxies. From the LD measured from the first 3 redshift slices, we find that β = 0.33 ± 0.38 in the range 0.25 < z < 1.25.
By going to still longer wavelengths in the mid-infrared, obscured star formation can be traced from light re-emitted by dust grains. From mid-infrared 12 µm data, LFs out to z ∼ 3 have been produced from observations using Spitzer by Pérez-González et al. (2005) for a sample of ∼ 8000 galaxies. From these measurements the evolution in LD obtained from their own form of the luminosity function out to z ∼ 1 is best fitted by β = 3.83 ± 0.26. Le Floc'h et al. (2005) using Spitzer MIPS 24 µm data for 2600 sources, converted into total IR luminosities find that the total IR luminosity density evolves as β = 3.9 ± 0.4. Fig. 15 summarises the above results of how the luminosity density evolution (β) varies as a function of wave-length. As wavelength increases from the far UV to the near infrared, β decreases, which is because of the increasing contribution from older stellar populations to the luminosity of the galaxies. This plot clearly shows the difference between our results for the evolution of the u-band LD for the blue and combined populations and the evolution of the infrared LD (Pérez-González et al. 2005; Le Floc'h et al. 2005) . Also shown is the SFR density evolution calculated by Hopkins (2004) using a compilation of X-ray, UV, [OII ], Hα, H β , mid-IR, sub-millimetre and radio measurements corrected for dust attenuation where necessary.
Estimating the cosmic SFH from the u-band LD
Given the colour bimodality of galaxies, there is a natural separation between blue and red populations. We can estimate the evolution in the SFR density of the universe from the u-band LD evolution by considering just the blue population. By doing this we effectively remove most of the contribution of u-band luminosity produced by old stellar populations (passive red galaxies). In order to obtain an estimate of the evolution in the SFR density, we first have to consider the residual u-band luminosity produced by the old population of stars (τ > 1 Gyr) in blue galaxies. To do this we perform an analysis using PEGASE (Fioc & Rocca-Volmerange 1997) models to determine the contribution of u-band luminosity from young stars with ages τ < 1 Gyr old. In these models we assume an IMF of Kroupa (2001) , with solar metallicity and constant star formation rate between a formation redshift (z f orm ) and an observed redshift (z obs ). For a model with z f orm = 6, the fraction of the u-band luminosity from young stars changes from 0.88 at z obs = 1 to 0.83 at z obs = 0. For z f orm = 3, the fraction changes from 0.9 at z obs = 1 to 0.84 at z obs = 0. The assumption that blue galaxies in general form their stars at a quasi-constant rate can be justified considering that studies, such as Brinchmann et al. (2004) , have shown low mass galaxies to have had a roughly constant star formation rate and James et al. (2008b) find the same result for local latetype galaxies. If the fraction of u-band luminosity produced by young stars changes by these amounts from z = 1 to z = 0 the evolution in the LD evolution with the contribution from old stellar populations removed is β = 2.2 ± 0.2.
The second correction to estimate the evolution in SFR density is to consider an increase in dust attenuation from z = 0 to z = 1, as luminosities of characteristic galaxies at higher redshifts are brighter as found by Cowie et al. (1996) and more luminous/higher SFR galaxies have higher dust attenuation than faint systems (Hopkins et al. 2001) . For a simple analysis of how much the dust attenuation increases from z = 0 to z = 1, we use the magnitudes of the galaxies contributing the most to the LD at z = 0 and z = 1. Using Fig. 14 , it can be seen that the main contribution to the luminosity density at z = 1 peaks at Mu ∼ −20.5 and at z = 0 it peaks at Mu ∼ −19. Converting these typical galaxy magnitudes into flux, we determine the star formation rate (in M⊙ yr −1 ) of the galaxies, uncorrected for dust, using the equation of Hopkins et al. (2001) , which is a conversion taken from Cram et al. (1998) multiplied by a factor of 5.5 to account for stars with masses 5 M⊙.
SF RUV = LUV / 7.14 × 10 20 WHz −1
Dust corrected star formation rates are obtained from eq. 7 in Hopkins et al. (2001) using the SFRs of the typical galaxies. The difference between the corrected and uncorrected SFRs gives an effective dust attenuation of Au ∼ 1.0 mag at z = 0 and Au ∼ 1.25 at z = 1 which equates to photon escape fraction of ∼ 0.40 at z = 0 and ∼ 0.32 at z = 1. This is comparable to the results of Driver et al. (2008) who find the photon escape fraction to be ∼ 0.45 using the local galaxies. This is reasonable as other UV studies such as Buat et al. (2005) find the mean extinction of a GALEX sample of galaxies in the local universe to be A = 1.1 in the NUV (230-nm) and A = 1.6 for the 150-nm FUV. The dust corrected evolution in the LD for the blue galaxies is essentially the evolution in the SFR density of the universe excluding dusty star forming red galaxies and possibly the most extreme objects with hidden star formation such as luminous infrared galaxies (LIRGS). Assuming there is an increase in the photon escape fraction of 0.32 ± 0.02 to 0.40 ± 0.02 from z = 1 to z = 0, this implies that βSF R = 2.5 ± 0.3.
Further correction for dusty star forming galaxies
After correcting for u-band LD evolution for dust and the residual u-band luminosity from the old stellar populations, the discrepancy still remains between our estimate in the SFR evolution (βSF R = 2.5 ± 0.3) and the results of Hopkins (2004) (βSF R = 3.3 ± 0.3), Le Floc'h et al. (2005) (βSF R = 3.9 ± 0.4) and the evolution in SFR densities we determined using the combination of UV and far IR from Takeuchi et al. (2005) to give βSF R = 3.4 ± 0.6. Possible reasons for the discrepancy include: (i) star formation on the red sequence; (ii) a higher dust attenuation correction for dusty star forming galaxies; (iii) evolution of the IMF. The first way to resolve the discrepancy would be to take into account the star formation occurring in dusty galaxies on the red sequence. Studies such as Franzetti et al. (2007) find, using first epoch VVDS data, that the fraction of red galaxies (U − V > 1) that can be spectroscopically classified as star forming galaxies with large [OII ] equivalent widths increases with redshift from ∼ 10 per cent at z = 0.5 to ∼ 40 at z = 1.1, with 35 per cent of red galaxies being spectroscopically classified as star forming overall. Correcting for these red star-forming galaxies however would only change evolution in the SFR by a small amount because the contribution to the u-band LD from the red population at z = 1 is only of ∼ 10 per cent, as seen in Fig. 11 .
Another possibility would be to take into account the dust attenuation of starbursting, luminous infrared galaxies (LIRGS), for which our method for dust correction may be inadequate. Pérez-González et al. (2005) find that the contribution from LIRGS to the SFR density rises from ∼ 20 per cent at z = 0 to become the dominant source of star formation at z = 1. In order to obtain an evolution of βSF R > 3.2, the photon escape fraction in the u-band would have to drop from 0.4 at redshift z = 0 to < 0.2 at z = 1. However, the fossil record analysis of Panter et al. (2007) implies βSF R = 1.5 ± 0.6 (from the first four data points of their table 3), which is inconsistent with β > 3 (2.5σ). Baldry et al. (2005) and Le Floc'h et al. (2005) were plotted directly from the literature. Blanton et al. (2003b) and Ilbert et al. (2005) LD results were combined and β calculated from a fit. Pozzetti et al. (2003) is an estimate quoted in their paper and has no errors. β was calculated for Willmer et al. (2006) , Pérez-González et al. (2005) and Cirasuolo et al. (2007) using LD values at different redshifts and fitting. The error bars for these points are 1σ errors from the fit. The shaded region indicates the evolution of the star formation rate estimated from multiwavelength data (Hopkins 2004) . For Le Floc'h et al. (2005) we indicate the range of wavelengths that make up the total IR.
A final possible way to explain the difference would be to consider that starbursting galaxies form stars with a top-heavy IMF, which has been suggested by Baugh et al. (2005) to explain the number counts of faint sub-millimetre galaxies, to explain the metallicities of intergalactic gas in clusters (Nagashima et al. 2005a ) and stars in ellipticals (Nagashima et al. 2005b ). More recently Lacey et al. (2008) used a top-heavy IMF to reproduce the evolution in the mid-IR luminosity function observed by Spitzer. An evolving IMF has been suggested by Wilkins et al. (2008) to explain differences between instantaneous SFRs and SFRs inferred from the stellar mass density. Davé (2008) also proposes an IMF which has more high mass stars compared to low mass at earlier epochs in order to explain differences between the observed stellar mass-SFR relation and theoretical models. It may be possible that the SFR evolution measured from the infrared and far UV is more biased to the formation of the most massive stars whereas the u-band traces star formation of a larger mass range of stars in galaxies with a 'normal' IMF.
CONCLUSIONS
We have produced and analysed u-band luminosity functions, to quantify the evolution of the u-band luminosity density in the range 0 < z < 1.2, for samples of galaxies taken from the SDSS uGS and DEEP2 galaxy surveys.
Separating the red and blue populations of galaxies using CMDs, our main results are as follows:
(i) We fit Schechter functions for the red, blue and combined populations of the galaxies assuming constant faintend slopes of α = −0.35, α = −1.3 and α = −1.0, respectively. A constant α with redshift gives reasonable fits to the blue and combined populations (this does not exclude some evolution in α) but is a poor fit to the red sequence at z > 0.4, which reflects significant evolution in the dwarf-togiant ratio (Gilbank & Balogh 2008) .
(ii) M * has brightened by ∼ 1.4 mags for the combined population from z = 0 to 1.2, which is similar to the findings of Ilbert et al. (2005) using the VVDS sample who find galaxies brighten by 1.6 to 2 mags.
(iii) The galaxies in all populations that contribute the most to the u-band luminosity are observed to increase in brightness with redshift. This illustrates 'downsizing' as seen by Cowie et al. (1996) and later studies.
(iv) By parametrizing the evolution in u-band luminosity density as ρ ∝ (1+z) β , we find that the combined population of galaxies evolves with β = 1.36 ± 0.2 and for the blue population β = 2.09 ± 0.2. The red population LD remains approximately constant over time.
(v) Considering just the blue population, removal of the u-band luminosity contribution from old stellar populations, estimated from population synthesis models, increases the u-band LD evolution to β = 2.2. This represents the SFR density evolution uncorrected for dust.
(vi) We estimate that the average dust attenuation is 1.0 mag at z = 0 and 1.25 mag at z = 1. By correcting the u-band LD for this extinction, we obtain the evolution in the SFR excluding red star-forming galaxies and LIRGS to be βSF R = 2.5 ± 0.3. This modest correction for evolution in dust attenuation may be appropriate for estimating the build-up of stellar mass, whereas the more severe dust evolution suggested by mid and far-IR measurements may be biased toward top-heavy IMF star formation.
